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Atrial septal aneurysms have been related (either by 
association or as potential causes) to systolic clicks, atrial 
arrhythmias, systemic and pulmonary embolism, atrio•
ventricular valve prolapse and atrial septal defect. To 
study these associations and the incidence of atrial septal 
aneurysm, we reviewed 80 consecutive patients (female 
to male ratio 1.9:1, mean age 47 years, range 1 day to 
89 years) who had been identified prospectively as having 
an atrial septal aneurysm. These were found in 36,200 
two-dimensional echocardiograJlhic studies (incidence: 
0.22% overall; 0.29% in the last year of the study done 
between 1978 and 1984). Three types of fossa ovalis an•
eurysm and one type of aneurysm involving the entire 
atrial septum were observed; a fossa ovalis aneurysm 
with leftward projection and excursion ofless than 5 mm 
or an aneurysm involving the entire atrial septum with 
rightward projection was not observed. Atrial septal an•
eurysm occurred more often as an isolated abnormality 
than in association with other cardiac malformations, 
Atrial septal aneurysm can be identified noninvasively by 
two-dimensional echocardiography. Certain echocardio•
graphic findings have been described (1-13) in at least 30 
patients with atrial septal aneurysm. At least 75 cases of 
atrial septal aneurysm (including one autopsy series of 16 
cases [14]) have been reported (1-28), and at least 28 of 
these aneurysms were initially recognized by echocardi•
ography (1-9,11-13). However, because for the most part 
these were small series of cases, the anatomic/echo•
cardiographic spectrum has not been fully appreciated. 
In this report, we describe the characteristic echocardio•
graphic features of atrial septal aneurysm in 80 consecutive 
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although all patients with an aneurysm involving the 
entire atrial septum had complex congenital cardiac 
anomalies of the hypoplastic right heart type. 
The reported associations between atrial septal an•
eurysms and atrial septal defect, atrioventricular valve 
prolapse, midsystolic clicks, atrial arrhythmias and 
cerebral ischemic events were examined. A hypothesis 
based on interatrial pressure gradients is proposed to 
explain the different motions and configurational char•
acteristics of fossa ovalis aneurysms observed in these 
patients. 
All patients in whom atrial septal aneurysm is dem•
onstrated should undergo examination for atrial septal 
defect. Atrial septal aneurysm should be specifically looked 
for in patients who have these associations and who 
undergo two-dimensional echocardiography, especially 
if these abnormalities are unexplained. 
(J Am Coll CardioI1985;6:1370-82) 
patients (collected prospectively) studied in the Mayo Clin•
ic's echocardiography laboratory during the 6 years between 
January 1978 and January 1984. Associated cardiac and 
noncardiac abnormalities and potential complications are 
discussed, and a classification scheme for atrial septal an•
eurysms based on two-dimensional echocardiographic fea•
tures is proposed. The clinical utility of subclassification is 
suggested by clinical differences between subgroups. We 
propose that atrial septal aneurysm is a congenital malfor•
mation of the atrial septum, and we present a hypothesis to 
explain the different echocardiographic configurations. 
Methods 
Echocardiography. Real time two-dimensional ultra•
sound imaging was performed with wide angle phased-array 
or mechanical sector scanners. All patients were examined 
in the left lateral decubitus and supine positions; the para-
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sternal, apical and subcostal transducer positions were uti•
lized as described previously (29). Particular attention was 
directed to the membrane of the fossa oval is and the adjacent 
fatty muscular atrial septum (limbus), which was best im•
aged from the subcostal transducer position (30). All images 
were recorded on % inch (1.9 cm) videotape. Reproductions 
of the sector scans are 35 mm camera photographs of stop 
action video fields. 
Selection of patients. For each patient, the clinical re•
cord and two-dimensional echocardiographic examinations 
were reviewed. In patients undergoing cardiac catheteriza•
tion or cardiac surgery, catheterization data and the sur•
geon's description were noted and the final diagnosis was 
reviewed. The echocardiographic diagnoses were confirmed 
by intraoperative observation where possible, or by review 
of autopsy specimens when available. 
Study patients. The 80 patients were prospectively 
identified as having atrial septal aneurysm from among 36,200 
two-dimensional echocardiographic examinations per•
formed in our laboratory, giving an overall recognition rate 
of 0.22%. However, in the first 3 years of this study, the 
recognition rate was 0.09%; in the next 2 years it was 0.24% 
and in the last year of the study it was 0.29%. 
There were 52 female patients and 28 male patients (fe•
male to male ratio 1.9: I) with a mean age of 47 years 
(range 1 day to 89 years). Thirteen patients (16%) had 
associated complex congenital cardiac malformations. 
Results 
Echocardiographic Features 
On two-dimensional echocardiography, the normal atrial 
septum is a linear structure that protrudes slightly toward 
the right atrium during mid- and end-systole and early di•
astole and becomes flattened or retracted slightly toward the 
left atrium during mid- and end-diastole and early systole 
(29-31). The valve of the fossa ovalis is usually seen as an 
intact, thin, linear membrane that may appear taut or mildly 
redundant and may demonstrate low amplitude oscillation 
during the cardiac cycle. 
Atrial septal aneurysm was diagnosed (Fig. 1) if the atrial 
septum or part of it exhibited aneurysmal dilation protruding 
at least 1.5 cm beyond the plane of the atrial septum or if 
it exhibited phasic excursion during the cardiorespiratory 
cycle exceeding 1.5 cm and if the base of the aneurysmal 
protrusion was at least 1.5 cm in diameter. 
On the basis of two-dimensional echocardiographic ap•
pearance, atrial septal aneurysms could be separated into 
two distinct groups: those in which the aneurysm involved 
only the region of the fossa ovalis (fossa ovalis aneurysm) 
and those in which the entire atrial septum was involved. 
Fossa ovalis atrial septal aneurysm. These 67 cases 
(Table 1) were observed exclusively in patients without 
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Figure 1. Diagnosis of atrial septal aneurysm. Aneurysm was 
considered to be present if: 1) the atrial septum or part of it ex•
hibited aneurysmal dilation protruding at least 1.5 cm beyond the 
plane of the atrial septum (a 2: 1.5 cm) or exhibited phasic ex•
cursion during the cardiorespiratory cycle exceeding 1.5 cm (c 2: 
1.5 cm), and 2) the base of the aneurysmal protrusion was at least 
1.5 cm in diameter (b 2: 1.5 cm). 
complex congenital heart disease. They were subdivided 
according to the direction of their maximal excursion or 
protrusion during the cardiorespiratory cycle: type 1, into 
the right atrium (Cases 1 to 45); type 2, into the left atrium 
(Cases 46 to 67). Type 1 cases were further divided into 
groups A and B on the basis of the maximal extent of phasic 
oscillation of the aneurysmal membrane occurring during 
the cardiorespiratory cycle: A, oscillation less than 0.5 em 
(Cases I to 32); B, oscillation 0.5 em or greater (Cases 
33-45). 
Type J A fossa ovalis aneurysm (Fig. 2) showed essen•
tially no motion in the right atrium throughout the cardio•
respiratory cycle. Among 18 patients examined for atrial 
septal defect, it was detected in 2 (11 %). One patient had 
a ventricular septal defect with ventricular septal aneurysm, 
and one had a persistent left superior vena cava and asso•
ciated ostium secundum atrial septal defect. Seven patients 
had mitral valve prolapse, four had tricuspid valve prolapse 
and two had acquired mitral stenosis. 
Type J B fossa ova lis aneurysm (Fig. 3) remained vir•
tually motionless for most of the respiratory cycle, but dur•
ing inspiration it exhibited a rapid phasic oscillation usually 
entirely confined to the right atrium. In six (75%) of eight 
patients examined for atrial septal defect, one such defect 
was detected. One patient had an isolated cleft of the anterior 
leaflet of the mitral valve and a secundum atrial septal de•
fect. Another patient had combined mitral and tricuspid 
valve prolapse and a secundum atrial septal defect. 
Type 2 fossa ovalis aneurysm (Fig. 4) was characterized 
by a markedly redundant fossa ovalis membrane protruding 
maximally into the left atrium, with a total range of excur•
sion (left and right) exceeding 1.5 cm. All type 2 fossa 
ovalis aneurysms were mobile, and movement was rhythmic 
(synchronized to the cardiac cycle) and stereotyped in all 
cases. In some cases, however, there was increased excur•
sion toward the left atrium with inspiration and toward the 
right atrium with expiration. Two patients (9%) had an 
associated ventricular septal defect, one with associated ven•
tricular septal aneurysm and patent ductus arteriosus and 
the other with a lipomatous atrial septum. Four (36%) of 
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Table 1. Characteristics of 80 Consecutive Patients With Atrial Septal Aneurysm 
Case 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
Age (yr) 
& Sex 
3M 
7F 
23M 
36F 
36F 
38F 
38F 
41M 
45F 
50F 
53F 
54F 
57M 
58M 
59M 
60F 
62F 
63F 
64F 
64F 
64M 
65M 
65F 
66F 
67F 
72F 
73M 
75F 
76M 
78F 
81F 
89F 
4 moM 
4F 
4F 
Cardiac Findings 
Fossa Oval is Aneurysm, Type IA 
(D), ASD, iRA 
(D), VSD with VS 
aneurysm, i LV 
None 
Thick MV, thick LV, i LA 
(D), mild TR 
(D), none 
(D), MVP (with MR), TVP 
(with TR), i LA 
(D), LV aneurysm with 
thrombus, t EF 
MS (valve area = I cm2), 
pulmonary hypertension, 
i LA 
MVP 
(C), TVP 
(D), none 
LV aneurysm, t EF 
(D), MVP (no MR), TVP 
(with TR), AR 
MVP (with MR), i LA 
(C), TVP, RA, i RV 
MVP 
Dilated cardiomyopathy, i LV 
(C), TR, iRA, i RV 
(C, NS), ASD, persistent L 
SVC, iRA, i RV 
Restrictive cardiomyopathy, 
i i LA, i t RA, i RV 
LVH, MR 
(D), MS, i LA, i RV 
(D), LVH, MR, i LA 
(D), thick RV wall, probable 
pulmonary HTN 
(D), MVP (with MR), AR, 
t LA 
Mitral peri prosthetic leak, i LA 
(D), MVP (with MR), i LA 
"Ischemic cardiomyopathy," 
t EF, i LV, i LA 
(D), MR, TR, t EF, RWMAbs, 
i LA 
(D), none 
i LA, iRA 
Fossa Oval is Aneurysm, Type IB 
(D), ASD, large eustachian 
valve, t RA, i RV 
t RA, i RV 
(D), ASD, iRA, 1'RV 
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Other Associations and Comments 
Micropenis 
"Prominently ballooning" FOA excised ("surface 
area twice that required for fossa oval is ") 
Son with congenital dilated cardiomyopathy 
Died in renal failure, autopsy declined 
Benign ventricular arrhythmias, presyncopal spells 
PSVT, VT 
IHD 
AF, mitral commissurotomy (no comment on 
FOA) 
Ventricular arrhythmias, midsystolic click 
Bilateral embolic CV As, metastatic uterine 
carcinoma, autopsy documented marantic 
endocarditis of mitral valve and FOA 
Midsystolic click, HTN 
IHD, FOA not described at time of CABG and LV 
aneurysmectomy 
COPD 
IHD 
Midsystolic click, remote history of syncope 
IHD 
Intermittent mid systolic click, CV A, episodic dizzy 
spells, HTN, suture closure of 2 x 3 cm ASD 
(no comment on FOA) 
Chronic AF, RBBB, possible recurrent PE, Osler•
Weber-Rendu syndrome 
IHD 
SLE (with pulmonary fibrosis and renal 
insufficiency), HTN 
? recurrent PE, HTN 
Multiple TIAs, peri prosthetic leak repair (no 
comment on FOA) 
Chronic AF, HTN, IHD 
AF, CVA, HTN, IHD 
Paroxysmal AF 
Atrial flutter, HTN, IHD 
Atrial flutter 
Brother with Marfan's forme fruste (with AR) 
Episodic PSVT, Beckwith-Weidemann syndrome* 
(continued) 
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Table 1. (continued) 
Age (yr) 
Case & Sex 
36 6M 
37 9F 
38 27F 
39 45F 
40 45F 
41 56M 
42 58M 
43 70F 
44 72F 
45 80M 
46 2 daysF 
47 2 daysF 
48 I moF 
49 3F 
50 50M 
51 59M 
52 59F 
53 62M 
54 62M 
55 65M 
56 66F 
57 68F 
58 69F 
59 69F 
60 70F 
61 72F 
62 72F 
63 72M 
64 77F 
65 79F 
66 82M 
67 83F 
68 I dayM 
69 I dayM 
Cardiac Findings 
Fossa Ovalis Aneurysm, Type 1 B (continued) 
(D), ASD 
(D), ASD, isolated complete cleft 
of anterior mitral leallet, MR 
(0), ASD, iRA. i RV 
Redundant MV leallets 
(Cath), ASD, MVP (with MR), 
TVP (with TR), iRA, i RV 
None 
(0), dilated cardiomyopathy (all 
chambers) with RWMAbs, 
LVH 
None 
(D), None 
LVH 
(C), none 
(D), ASD 
Fossa Ovalis Aneurysm, Type 2 
(0), VSD (muscular) 
(C), ASD. VSD with VS 
aneurysm (high subaortic). 
PDA 
MR, LVH 
Marked MVP 
(D), MVP 
(0), none 
LVH, ~ EF. i LA 
1 EF 
RWMAbs. ~ EF 
(C), ASD. TVP, t EF 
(C), none 
None 
Prominent sinus of Valsalva 
Large pericardial effusion 
(D), ASD, lipomatous atrial 
septum, MR, AS. iRA, 
t RV 
(D), none 
(D), none 
i LA, iRA 
(C), ASD, apical LV aneurysm 
(without thrombus), ~ EF 
Aberrant chordae 
Aneurysm Involving Entire Atrial Septum 
Secundum ASD, Ebstein's 
anomaly. complex CHD 
Secundum ASD, Ebstein's 
anomaly, complex CHD 
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Other Associations and Comments 
FOA prolapsed in TV orifice (2-D echo), suture 
closure of large secundum ASD (FOA not 
described) 
Intermittent systolic click 
Fenestrated fossa ovalis excised, patch closure of 
secundum ASD (FOA not described) 
PSVT 
PSVT, "markedly redundant" FOA excised and 
mitral and tricuspid annuloplasties performed, 
sarcoid lung disease 
TIA (twice), HTN 
CVA 
Episodic heart block 
Intermittent systolic click 
CVA (twice), HTN, SIP AAA resection, died of 
ruptured thoracic aneurysm, autopsy 
confirmation of FOA 
Complex multisystem congenital defects 
Frequent PACs 
Downs syndrome, suture closure of ASD (FOA not 
described) 
CV A, IHD, HTN, SIP AAA resection 
Sinus tachycardia, systolic click, labile HTN 
Episodic monocular visual loss of undetermined 
cause, frequent ventricular ectopy, sinus 
bradycardia 
COPD 
Primary amyloidosis 
Normal coronary arteries, LBBB 
CVA (twice), marked varicose veins, COPD 
CV A (twice), fibromuscular dysplasia of vertebral 
arteries (cerebral angiogram), HTN 
Dysautonomia 
Paroxysmal atrial Ilutter, recurrent syncope 
PSVT, chronic lymphocytic leukemia 
? pulmonary fibrosis 
Chronic AF, HTN, LVH 
PSVT (many years), recurrent PE, recurrent 
syncope 
Recurrent PSVT with syncope, IHD, HTN 
CVA (twice), IHD, renal failure 
Paroxysmal AF, IHD, HTN 
Died postoperatively, atrial septum not inspected at 
operation 
PS VT, cleft palate, atrial septum not inspected at 
operation 
(continued) 
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Case 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
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(continued) 
Age (yr) 
& Sex 
I dayF 
2 day sF 
30 moM 
5 moF 
7 moF 
4M 
5F 
9F 
20M 
22F 
38M 
Cardiac Findings 
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Other Associations and Comments 
Aneurysm Involving Entire Atrial Septum (continued) 
Secundum ASD, Ebstein's 
anomaly, complex CHD 
DORV, VSD, PA, PDA 
Secundum ASD, univentricular 
heart, PA, TA, VSD 
Secundum ASD, corrected 
TGA, Ebstein's anomaly of 
left A V valve, single coronary 
artery 
Secundum ASD, TA, PA, intact 
VS, PDA 
Multiple ASDs, PA, intact VS 
Secundum ASD, DORV, TA, 
PA, VSD, left-sided 
juxtaposition of atrial 
appendages, mild MR 
Secundum ASD, TA, VSD 
Secundum ASD, TA, PA, 
TAPVD, VSD 
Secundum ASD, TA, VSD, 
SVC to RA fistula 
Secundum ASD, univentricular 
heart, TA, left TGA, MVP 
Systolic click, bradycardia death Intraoperatively, 
atrial septum not inspected 
Systolic click, trisomy 18, esophageal atresia, died 
without operation (autopsy declined), no 
documentation of ASD 
"Marked aneurysm of atrial septum," atrial 
septectomy and plastic repair 
"Thin and dilated atrial septum," plication and 
suture closure of ASD (5 mm), died 
postoperatively 
Atrial septum not inspected at operation 
AF, "large fenestrated aneurysm" excised 
"Thiil dilated atrial septum" excised, patch 
closure of ASD 
Aneurysm prolapsed into MV orifice (2-D echo), 
"entire fossa ovaHs area missing" at operation 
(atrial septum not described), patch closure of 
ASD, died postoperatively (autopsy performed 
elsewhere) 
Aneurysm prolapsed into MV orifice (2-D echo), 
sexual infantilism and growth retardation 
(trisomy 22), operation not performed (shunt 
procedures elsewhere) 
3 episodes of loss of consciousness, patch closure 
of ASD (atrial septum ndt described) 
Aneurysm prolapsed into MV orifice (2-D echo) 
*Reported as Case 2 in Waziri M, PatH SR, Hanson lW, Bartley lA. Abnormality of chromosome II in patients with features of Beckwith-Wiedermann 
syn&ome. J Pediatr 1983;102:873-6. AAA = abdominal aortic aneurysm; AF = atrial fibrillation; AR = aortic regurgitation; AS = aortic stenosis; 
ASD = atrial septal defect; A V = atrioventricular; CABG = coronary artery bypass graft; CHD = congenital heart disease; COPD = chronic obstructive 
pUhitonary disease; CVA = cerebrovascular accident; DORV = double-outlet right ventricle; EF = ejection fraction; FOA = fossa ovalis aneurysm; 
HTN = hypertension; IHD = ischemic heart dlsease;L = left; LA = left atrium; LBBB = left bundle branch block; LV = left ventricle; LVH = 
left ventricular hypertrophy; MR = mitral regurgitation; MS = mitral stenosis; MV = mitral valve; MVP = mitral valve prolapse; PA = pulmonary 
atresia; PAC = premature atrial cOl.nplexes; PDA = patent ductus arteriosus; PE = pulmonary embolism; PSVT = paroxysmal supraventricular 
tachycardia; R = right; RA = right atrium; RBBB = right bundle branch block; RV = right ventricle; RWMAbs = regional wall motion abnormalities; 
SIP = status post; SLE = systemic lupus erythematosus; SVC = superior vena cava; T A = tricuspid atresia; T APVD = total anomalous pulmonary 
venous drainage; TGA = transposition of great arteries; T1A = transient ischemic attack; TR = tricuspid regurgitation; TVP = tricuspid valve prolapse; 
2-D echo = two-dimensional echocardiography; VS = ventricular septum; VSD = ventricular septal defect; VT = ventricular tachycardia; 1 = 
decreased; i = enlarged; t i = markedly enlarged; () = testing for atrial septal defect performed by C (contrast echocardiography), Cath (cardiac 
catheterization), D (Doppler echocardiography), NS (nuclear scan). 
II patients examined for atrial septal defect had such a 
defect, including I patient (Case 49) with associated ven-
tricular septal defect. . 
Aneurysm of entire atrial septum. These aneurysms 
(Cases 68 to 80) were observed only in patients with com•
plex congenital malformations of the hypoplastic right ven•
tricle type. Typically, these exhibited marked phasic ex•
cursion (Fig. 5), and in three cases were sufficiently large 
and redundant to prolapse into or beyond the mitral valve 
ring arid into the ventricular inflow tract. They expanded 
into the left atrial clivity durihg ventricular mid to late di•
astole; during ventricular systole, they collapsed back to•
ward the right atrium, often exhibiting a marked flailing 
"snake-like" motion of the redundant unexpanded mem•
brane at this time. The total excursion of the membrane was 
usually confined to the left atrium, although a very rapid 
movement of portions of the membrane into the right atrium 
was occasionally seen. An atrial septal defect was present 
Figure 2. A and B, Echocardiographic appearance of type IA 
fossa ovalis aneurysm (Case 18) in subcostal long axis format 
shows no significant change in the configuration of the aneurysm 
between systole and diastole (arrows). A, Systolic still frame. B, 
Diastolic still frame. I = inferior; L = left; LA = left atrium; 
LV = left ventricle; R = right; RA = right atrium; RV = right 
ventricle; S = superior; VS = ventricular septum. C and D, 
Postmortem specimen of type I A fossa ovalis aneurysm (Case II). 
C, Cross-section through aneurysm (right atrium is at the left) 
shows large thin-walled fossa ovalis aneurysm projecting into the 
right atrial cavity. D, View from the right atrium shows a small 
atrial septal defect anteriorly (arrow), indicated by the pointer 
which has been passed through the defect and protrudes anteriorly. 
This defect was not detected by contrast echocardiography per•
formed during the patient's terminal illness (Table I). 
in all 12 (100%) of the patients examined for it. Mitral valve 
prolapse was present in one patient (Case 80). 
Clinical Features 
Cardiac catheterization data. Cardiac catheterization 
was performed in 18 patients. Right atrial angiography for 
confirmation of the atrial septal aneurysm was performed 
in only two patients (Cases 72 and 80). 
Simultaneous high fidelity right and left atrial hemody•
namic data were not available in any case. However, average 
right and left atrial pressures obtained at cardiac catheter•
ization by pullback from the left to the right atrium (using 
conventional fluid-filled catheter measurement techniques) 
or at operation (by direct needle puncture) were available 
in 13 patients. All except 1 of these 13 patients had a lower 
mean pressure in the atrium into which the aneurysm pro•
lapsed maximally. Twelve of these patients had a secundum 
atrial septal defect. 
Secundum atrial septal defect. This was the most com•
mon associated lesion and was detected in 24 of 49 patients 
examined for atrial septal defect (30% of the total group; 
49% of patients examined for atrial septal defect). A break•
down of atrial septal defect detection by method of exam•
ination is shown in Table 2. There was a major difference 
between type I A fossa oval is aneurysm «0.5 cm of mem•
brane excursion), with only II % of patients examined hav•
ing an atrial septal defect, and type I B fossa ovalis aneurysm 
(>0.5 cm of excursion), with 75% of patients examined 
having an atrial septal defect. An atrial septal defect was 
found in one-third of the patients with type 2 fossa ovalis 
aneurysm and in all 12 patients with aneurysm involving 
the entire atrial septum. 
Surgical data. Eighteen patients underwent cardiac sur•
gery, and the atrial septum was visualized in 13. Twelve 
patients had suture or patch closure of the defect. In six 
cases, there was no surgical comment regarding an atrial 
septal aneurysm. For three patients with aneurysm involving 
the entire atrial septum, there was detailed corroboration of 
the location and extent of the aneurysm. 
Autopsy data. These were available in five cases (Cases 
11, 45, 68, 70 and 73). The atrial septum had not been 
surgically disturbed in four of these cases, and the echo•
cardiographic appearance was confirmed by autopsy ex•
amination in all cases. Case 11 is illustrated in Figure 2C 
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and D. Both type 1 fossa ovalis aneurysms (Cases 11 and 
45) were discrete and contained by a macroscopically nor•
mal limbus; causes of death were uterine carcinoma (Case 
11) and ruptured thoracic aortic aneurysm (Case 45). Of the 
two patients with aneurysm involving the entire atrial sep•
tum (Cases 68 and 70), one had a hypoplastic limbus and 
the other had an attenuated limbus. 
Attempts to deduce the fossa ovalis aneurysm sUbtype 
from observation at operation or autopsy are unreliable in 
our experience because under these conditions the atrium 
into which the aneurysm bulges appears to be unrelated to 
the situation in the intact beating heart. 
CLinicaL CorreLations 
Atrial thrombus. In no patient in this series was throm•
bus detected in an atrial septal aneurysm by echocardiog•
raphy or at the time of cardiac surgery or autopsy. 
Cerebral symptoms. In 16 patients (20%), the clinical 
history was consistent with cerebrovascular accident or tran•
sient cerebral ischemic events. In 12 (75%) of these 16 
patients, additional underlying cardiovascular abnormalities 
JACC Vol. 6. No.6 
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Figure 3. Echocardiographic appearance of type I B fossa ovalis 
aneurysm (Case 40) in subcostal short-axis format, showing vari•
ation in configuration of the aneurysm at different points in the 
cardiac cycle (arrows). A, Early systole; B, mid-systole; C, early 
diastole; D, late diastole. Abbreviations as in Figure 2. 
might have accounted for the cerebral symptoms. However, 
in four patients (25%) (Cases 20, 41, 57 and 79), no other 
cardiovascular abnormalities were apparent; three (Cases 
20, 57 and 79) of these four had a demonstrable right to 
left shunt across the aneurysmal membrane, and no such 
examination was performed in the fourth patient (Case 41). 
Pulmonary embolism. One patient (Case 64) had re•
current pulmonary embolism that was treated with long•
term anticoagulation therapy. A second patient (Case 21) 
had a history suggestive of pulmonary embolism, but con•
firmation of this diagnosis was not sought. 
Atrioventricular valve prolapse. Mitral valve prolapse 
was diagnosed by echocardiography in 11 patients (14%) 
and tricuspid valve prolapse in 6 patients (8%). Two patients 
(Cases 40 and 80) with secundum atrial septal defect had 
lAce Vol. 6, No.6 
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Figure 4. Echocardiographic appearance of type 2 fossa ovalis 
aneurysm (Case 65) in apical four chamber format. A, Early sys•
tolic still frame showing full expansion and maximal protrusion 
of the aneurysm into the left atrium (arrows). B, Mid-diastolic 
still frame showing full retraction of the aneurysm (arrows) which 
has assumed a position approximating that of a normal atrial sep•
tum with a slight bulge toward the right atrium. Abbreviations as 
in Figure 2. 
mitral valve prolapse. Three patients (4%) (Cases 7,14 and 
40) had combined mitral and tricuspid valve prolapse. 
Midsystolic click. Of nine patients with a detectable 
midsystolic click, six (8%) had no readily identifiable cause 
other than an atrial septal aneurysm. 
Atrial tachyarrhythmias. Atrial tachyarrhythmias (par•
oxysmal supraventricular tachycardia, frequent atrial pre•
mature complexes or paroxysmal atrial flutter) were doc•
umented in 20 patients (25%). Potential causes (atrial 
enlargement, depressed ventricular systolic function or mi•
tral valve prolapse) were identified in 15 (80%) of these 20 
patients. Consequently, only five patients had no potential 
cause for arrhythmia except possibly atrial septal aneurysm 
or atrial septal defect, and four of these five had type 2 
fossa ovalis aneurysm. All of the 7 patients with type I A 
fossa ovalis aneurysm and atrial tachyarrhythmia had an 
enlarged left atrium by echocardiography, whereas only 5 
of 24 patients with documented atrial septal defect had atrial 
tachyarrhythmia and 4 of these 5 had an enlarged right 
atrium. 
Discussion 
Since the first report of a thin-walled bag-like aneurysm 
of the fossa ovalis by Lang and Posselt in 1934 (15), at 
least 75 cases of atrial septal aneurysm have been reported 
(1-28). This series adds 80 cases diagnosed by two-dimen•
sional echocardiography at one institution. From our ex-
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perience, it is evident that two-dimensional echocardiog•
raphy is the diagnostic procedure of choice. 
The largest single series of cases of atrial septal aneurysm 
reported to date, which serves as a comparison for our data, 
is an autopsy study by Silver and Dorsey (14). They de•
scribed the clinical and pathologic findings in 16 patients 
with fossa ovalis aneurysm among 1,578 consecutive au•
topsies of adults (aged 43 to 81 years). None of the aneu•
rysms had been diagnosed during life and all were clinically 
asymptomatic. These aneurysms projected 1.1 to 2.4 cm 
beyond the plane of the atrial septum and all but two pro•
jected into the right atrium. Eight patients had a probe-patent 
fossa ovalis, two had an ostium secundum atrial septal defect 
and two had tiny perforations (:s 1 mm in diameter) in the 
wall of the aneurysm. Thrombus within an aneurysm was 
observed in only one case. 
Dimensional criteria for diagnosis of atrial septal an•
eurysm. The dimensional criteria used in this study rep•
resent our best efforts to define a meaningful cutoff point 
between the redundant, or so-called floppy, atrial septum 
and aneurysmal dilation of the atrial septum. They are stricter 
than the criteria used by Silver and Dorsey (14) (membrane 
projection '2: 1.1 cm, and diameter of fossa ovalis '2: 1.5 cm 
in all cases) and require a greater degree of redundancy of 
the atrial septum for diagnosis, even after allowing for up 
to approximately 15% linear shrinkage of the atrial septum 
after fixation in formalin (32). Many patients with an ab•
normally mobile and redundant atrial septum did not satisfy 
our dimensional criteria. 
Classification. We believe that the classification scheme 
for atrial septal aneurysm presented here has important clin•
ical implications, both in terms of associated cardiac anom•
alies (for example, secundum atrial septal defect) and pos•
sibly for other clinical associations (such as atrial arrhythmias). 
It also allows development of a conceptual framework for 
understanding the possible mechanisms underlying the dif•
ferent motion characteristics of atrial septal aneurysm. 
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Atrial septal aneurysms in patients with major congenital 
heart disease (hypoplastic right heart) appear to be an an•
atomically distinct subgroup. They involve more ofthe atrial 
septum than the fossa ovalis. They are more mobile and 
redundant than aneurysms limited to the fossa ovalis and 
are associated with an atrial septal defect. 
Figure 5. Echocardiographic and angiographic appearance of an 
atrial septal aneurysm involving the entire atrial septum (Case 72). 
A to D, Variations in configuration of the aneurysm (arrows) in 
subcostal long-axis format at different points in the cardiac cycle. 
A, Early to mid-systole; B, mid- to late systole; C, early diastole; 
D, late diastole. E and F, Right atrial angiograms, showing septal 
aneurysm projecting into the left atrial cavity, from the left anterior 
oblique (E) and right anterior oblique (F) projections. Abbrevia•
tions as in Figure 2. 
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Atrial septal aneurysm in complex cyanotic heart disease 
associated with restriction of right to left shunting has been 
reported to have a worse prognosis (1). However, such 
patients who underwent catheterization in our study showed 
no significant interatrial pressure gradient, a finding that 
does not support the idea that atrial septal aneurysm forms 
JACC Vol. 6, No.6 
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Table 2. Atrial Septal Defect Detection in 80 Consecutive Patients With Atrial 
Septal Aneurysm 
Defects Detected (no./patients examined) 
Fossa Ovalis Aneurysm 
Type 
Examination Method IA 
Echocardiography 
Doppler I of 14 
Contrast o of 4 
Catheterization 2 of 2 
Nuclear scan I of I 
Surgical inspection 2 of 2 
Total no. detected 2 
Total no. examined 18 
Detection rate(%) II 
in response to a pressure gradient across the atrial septum 
(1). 
Potential associations. Associations of atrial septal an•
eurysm with pulmonary embolism (21) and with systemic 
embolism to the brain (23) and coronary arteries (27) have 
been reported, and thrombus has also been described in 
aneurysmal sacs of atrial septal aneurysms in both surgical 
(23) and autopsy (14,17) series. However, there has been 
no report of echocardiographically recognized thrombus in 
an atrial septal aneurysm, and we did not observe this in 
any of our cases. 
Certain cardiac abnormalities, including mitral and tri•
cuspid valve prolapse in the same patient (10), systolic clicks 
(3,5,33), atrial tachyarrhythmias (5,7,10) and atrial septal 
defect (1,2,4,7,9,14,15,18-20,23,24), have been associ•
ated with atrial septal aneurysm in previous reports. We did 
not observe a higher incidence of mitral or tricuspid valve 
prolapse in this series than would be expected in the general 
population (Table 3). The low frequency (8%) of association 
between systolic clicks and atrial septal aneurysm observed 
in this series and the occurrence of clicks in association with 
Type Type Aneurysm Involving 
IB 2 Entire Atrial Septum 
5 of 7 I of 7 3 of 3 
o of 0 3 of 5 4 of 4 
I of I 2 of 2 9 of 9 
3 of 3 I of I 6 of 6 
6 
8 
75 
4 12 
II 12 
36 100 
both relatively immobile (type lA) and mobile (type IB and 
aneurysm of the entire atrial septum) aneurysms make ex•
planation of the mechanism of systolic click generation by 
atrial septal aneurysm difficult. Overall, 74% of unexplained 
atrial tachyarrhythmias in this study occurred in patients 
with a type 2 fossa ovalis aneurysm and perhaps were related 
to vigorous motion of the aneurysm. Atrial tachyarrhythmias 
have been described in association with multiple sacular 
aneurysms of the atria (34) and with aneurysmal dilation of 
the right atrium (35). 
Ostium secundum atrial septal defect. The association 
of atrial septal aneurysm and atrial septal defect was con•
firmed in our data. As expected, the detection rate for atrial 
septal defect in our patients with complex congenital heart 
disease was 100%. The overall atrial septal defect detection 
rate in patients with fossa ovalis aneurysm was 32%. 
The intriguing aspect of our data on atrial septal defect 
is the preferential association of it with a type 1 B fossa 
ovalis aneurysm (75%), which is phasically mobile, com•
pared with a type 1 A fossa ovalis aneurysm (11 %), which 
remains essentially motionless. This association may imply 
Table 3. Specific Clinical Associations (no other cause apparent) With Atrial Septal Aneurysm 
in 80 Consecutive Patients 
Distribution (% of each subgroup) 
Fossa Ovalis Aneurysm 
Type Type Type Aneurysm Involving 
Specific Association* % of Total Group IA IB 2 Entire Atrial Septum 
Atrial septal defect found 49 II 75 36 100 
Mitral valve prolapse 14 22 8 9 8 
Tricuspid valve prolapse 8 13 8 0 8 
Midsystolic click 8 9 8 0 15 
Atrial arrhythmia 6 0 8 13 0 
Cerebral event( s) 5 3 8 5 8 
*No other cause apparent. 
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that the presence of an atrial septal defect can induce a 
phasic oscillation of the aneurysmal membrane. 
Incidence. The discrepancy between our low overall 
recognition rate (0.22%) and that (1.01%) in the autopsy 
series of Silver and Dorsey (14) implies that many atrial 
septal aneurysms probably remain undetected by two-di•
mensional echocardiography. However, the frequency with 
which the diagnosis of atrial septal aneurysm was made in 
our practice increased with time, being 0.29% in the last 
year of the study period. These increased detection rates are 
likely to represent both an increasing sophistication of two•
dimensional echocardiographic imaging technology and an 
increasing awareness of atrial septal aneurysm in our prac•
tice. We believe that most atrial septal aneurysms can be 
detected with modem equipment, provided that strict ad•
herence to proper technique for imaging the atrial septum 
is maintained in all patients. 
Hypothesis. The two-dimensional echocardiographic 
motion characteristics of atrial septal aneurysms can be ex•
plained by assuming that: I) the aneurysmal membrane mo•
tion pattern is determined by trans atrial septal pressure gra•
dient variations through the cardiorespiratory cycle, and 2) 
membrane motion in the region of an atrial septal defect is 
possibly also influenced by localized flow-related changes 
in pressure (Venturi effect). 
The motion characteristics of the atrial septum have been 
studied in some detail (31,36,37). It has been postulated 
(31) that the configuration of the atrial septum is altered by 
the interatrial pressure gradient through each cardiac cycle. 
Furthermore, in normal and diseased hearts, atrial septal 
motion correlates temporally with the cardiac cycle and 
primarily reflects left atrial volume changes (36). Because 
pressure is the major determinant of volume, both these 
conclusions support the hypothesis that atrial septal config•
uration and motion are determined by transatrial septal pres•
sure gradients. 
It is reasonable to assume that atrial septal motion char•
acteristics are passive reflectors of dynamic pressure gra•
dient changes across the atrial septum. Left atrial pressure 
and left atrial pressure fluctuations are generally slightly 
higher than corresponding right atrial pressure values (38). 
We believe that type I fossa ovalis aneurysms are exposed 
to mean left atrial pressure and pressure fluctuations that 
are sufficiently high relative to those in the right atrium to 
produce pressure gradient curves similar to those in Figure 
6. Similarly, if right atrial pressures are sufficiently higher 
than left atrial pressures, type 2 fossa ovalis aneurysm mo•
tion characteristics will result. However, if an atrial septal 
defect exists, shunting of blood will occur and produce a 
crossover of the atrial pressure curves with reversal of the 
pressure gradient and consequent reversal of membrane mo•
tion, resulting in phasic oscillation of the aneurysm and type 
I B fossa ovalis aneurysm motion characteristics. 
We believe that atrial septal aneurysms are congenital 
JACC Vol. 6, No.6 
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malformations and are not acquired secondary to high trans•
atrial septal pressure gradients as has previously been sug•
gested. These defects are sufficiently rare, especially in 
patients with chronically increased atrial pressures (for ex•
ample, mitral stenosis of rheumatic origin), that an acquired 
origin is unlikely. Furthermore, type I fossa oval is aneu•
rysms occurred with approximately equal frequency in chil•
dren and adults, supporting a congenital rather than an ac•
quired origin. 
Conclusion. The overwhelming majority of atrial septal 
Figure 6. Schematic illustration of the relation hypothesized be•
tween transatrial septal pressure gradient and fossa oval is aneurysm 
(FOA) motion and configuration. On the left are shown the trans•
atrial pressure gradients (effect of inspiration illustrated by vertical 
dashed line) and the atrial pressure curves of left atrium (LA, 
solid line) and right atrium (RA, dashed line). A, When left atrial 
pressure is consistently higher than right, the gradient is directed 
toward the right atrium throughout the cardiac cycle and type IA 
fossa oval is aneurysm characteristics result. B, When right atrial 
pressure is closer to left, crossover of pressures may occur with 
resultant reversal of the transatrial pressure gradient. If this happens 
only with inspiration or if the maximal gradient during the cardiac 
cycle is directed into the left atrium, then type I B fossa oval is 
aneurysm characteristics result. C, If the maximal gradient during 
the cardiac cycle is directed into the right atrium, then type 2 fossa 
ovalis aneurysm characteristics result. Atrial septal defect (ASD) 
may predispose to a mobile fossa ovahs aneurysm because inter•
atrial shunting of blood could produce more similar left and right 
atrial pressures with consequent interatrial pressure gradient re•
versal during the cardiac cycle and because flow-related pressure 
gradients (Venturi effect) occurring adjacent to the aneurysm may 
induce further membrane motion. ASA = atrial septal aneurysm; 
ECG = electrocardiogram; Phono = phonocardiogram; S] = first 
heart sound. 
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aneurysms are detected incidentally. However, the discov•
ery of an atrial septal aneurysm is a fortunate occurrence 
between its motion characteristics during the cardiorespi•
ratory cycle mirror transatrial pressure gradient changes and 
may reflect the presence of an atrial septal defect. The use 
of the classification scheme presented here, which is based 
on readily identifiable two-dimensional echocardiographic 
motion and configuration characteristics, may provide in•
sights into cardiac function and relations between intracar•
diac pressures and flows from observations made nonin•
vasively. It is important that an atrial septal aneurysm be 
detected, and typed when present, because it may cause 
morbidity and may be a marker for other clinically relevant 
cardiac disease. 
The detection of an atrial septal aneurysm also may pro•
vide insight into potential mechanisms related to pulmonary 
and systemic embolism, systolic clicks, atrial tachyarrhyth•
mias and atrial septal defect. Despite the difference in atrial 
septal defect detection rates among our subgroups, we be•
lieve that all patients with atrial septal aneurysm should be 
examined for atrial septal defect by use of Doppler or con•
trast echocardiography. 
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